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Cu2+增强型荧光传感和阴离子传感中的 CT 耦合 PET 光物理 
 






































中 文 摘 要 
亚甲蒽基硫脲衍生物和胆酸衍生物等近二十种化合物。 
第三章：通过简单的醛胺缩合反应，设计合成具有多个结合位点的 2-ABA




DiAPC 与 Cu2+结合生成具有紫红色的 Stenhouse 盐，可应用于裸眼检测，而后
进一步水解生成荧光量子产率较高的化合物 2-ABA，是一类增强型荧光传感体
系，并且 DiAPC 与 Cu2+的结合常数大于 2-ABA，水解后的 Cu2+将继续与 DiAPC
结合，赋予了 DiAPC 对 Cu2+高灵敏度响应，检测限可达 1ppb，是一类具有广泛
应用前景的催化型化学计量器。 
第四章：基于实验室前期工作，我们设计合成 CT 耦合 PET 型阴离子传感分
子，考察其 CT 耦合 PET 光物理传感机制。由吸收光谱发现 X-BCTUA 系列化




代基 X-BSTUA 系列化合物较小(CT 降低 PET 效果)，循环伏安实验中蒽的氧化
电位亦比同取代基 X-BSTUA 系列化合物较高。 
进一步考察荧光量子产率发现随取代基拉电子能力提高，主体化合物荧光量
子产率降低，表明主体化合物的 PET 方向为蒽到硫脲受体，循环伏安实验发现
硝基取代化合物 p-NO2-BCTUA 出现还原峰，通过 Weller 公式计算可得 PET 自





由于硫脲受体与 Pb2+结合后，电荷密度降低，还原电位降低，促进 PET 发生，
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英 文 摘 要 
 
Turn-On Fluorescent Chemodosimeter for Cu2+ and CT Coupled 
PET in Anion Sensing 
 
Abstract 
Cu2+ as the third abundant heavy metal ion in human body has attracted much 
attention due to its obvious biological importance and increasing environmental 
concerns as well. Detection of Cu2+ with high selectivity and sensitivity represents 
therefore a challenging subject. Fluorescence signaling is advantages in many respects 
such as high sensitivity and easy operation. Cu2+ as a paramagnetic species, however, 
shows an inherent fluorescence quenching nature. As a consequence, most of the 
reported detection of Cu2+ employing fluorescence signal operates under quenching 
mode. Fluorescence signaling showing an enhancement is for sensitivity reason prior 
to those exhibiting quenching, especially in aqueous solutions. Fluorescent 
chemosensors reported for detection of Cu2+ in aqueous solution with a fluorescence 
enhancement are indeed rare. Therefore, constructing fluoroionophores which could 
be fluorescently turned on in the presence of heavy metal ions becomes dominating in 
this regard. Because of the inherent difficulties of addressing anions characterized by 
larger sizes (larger than cations in general), a greater varied shapes and pH 
dependence, research into sensing of anions and design of anion receptors remains a 
challenging subject, too. 
In this dissertation, we reported a highly selective and sensitive turn-on catalytic 
chemososimeter for Cu2+ in aqueous solution, with sensing mechanism discussed. CT 
coupled PET sensing mechanism in anion sensing was also discussed, providing 
further hints for rational design of turn-on fluorescent anion sensors and 
thiourea-based organocatalyst. Finally, multiple hydrogen bond based receptors for 
amino acid was synthesized and examined. 














英 文 摘 要 
Chapter 1 briefly reviews research progresses of photophysical and sensing 
mechanisms for molecular design of anion and cation receptors.  Involved sensing 
mechanisms include (1) (n, π*)/(π, π*) energy reversion, (2) fluorescent 
chemodosimeters, and (3) photo-induced electron transfer (PET). The objectives of 
this dissertation were proposed. 
Chapter 2 describes syntheses and characterization of 20 new compounds, 
including 2-aminobenzoic acid derivative (DiAPC), N-(9-methyleneanthracene) 
thioureido based derivatives, Cholic acid based derivatives. The equipments, materials 
and methods involved in this dissertation were also reported. 
Chapter 3 reports a catalytic chemodosimer for Cu2+ in aqueous solution.  
2-Aminobenzoic acid (2-ABA) based derivative (DiAPC) was easily made available 
by a simply one-step reaction.  Substitution of the amino group in 2-ABA led to 
DiAPC weakly fluorescent. In absorption and fluorescence spectral titrations, DiAPC 
showed a high selectivity for Cu2+ in aqueous solutions of biological pH as would 
have expected for a similar Cu2+-aminoacid binding motif. The excellent selectivity 
was further demonstrated in that the fluorescence enhancement by Cu2+ was not 
affected by the co-existence of other metal ions and counter anion of Cu2+. DiAPC 
was shown to operate under the mechanism of Cu2+-coordination promoted 
decomposition of the weakly fluorescent DiAPC to purple Stenhouse salt, allowing 
for a naked-eye detection of Cu2+, which underwent further hydrolysis to highly 
fluorescent 2-aminobenzoate.  A detection limit of 1 ppb was achieved. DiAPC 
described herein, unlike the previously reported stoichiometric chemodosimeters, was 
shown to be a catalytic chemodosimeter, which accumulates and amplifies signal in 
response to Cu2+, leading DiAPC a potentially more sensitive chemodosimeter. 
Chapter 4 reports design and syntheses of a series of CT coupled PET anion 
receptors, following our previous N-amidothiourea design motif. The observation that 
the CT absorption in the presence of AcO- was only made in X-BCTUA series 
provided a clear indication that the carbonyl group exhibits better electron 
delocalization efficiency than sulfonyl group. Due to the higher efficiency in 
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